OBJECTIVES: Pharmacologic evidence suggests adequate antiplatelet activity in diabetic patients requires >100 mg aspirin daily, yet recent trials have used ≤100 mg daily. This meta-analysis explored the relationship between aspirin dose and prevention of cardiovascular events. DATA SOURCES: Six electronic databases were searched using database-appropriate terms for aspirin, diabetes, and comparative study from inception until February 2010. REVIEW METHODS: Randomized controlled trials and cohort studies comparing aspirin to no antiplatelet therapy were included if they reported cardiovascular events as pre-specified outcomes, aspirin dose, and number of diabetic patients. Studies were stratified by daily aspirin dose (≤100 mg; 101-325 mg; >325 mg) and pooled risk ratios (RR) were calculated using random effects models. All-cause mortality was the primary outcome of interest. Cardiovascular-related mortality, myocardial infarction, and stroke were secondary outcomes. RESULTS: Data for diabetic patients were available from 21 studies (n=17,522). Overall, 1,172 (15.4%) of 7,592 aspirin users and 1,520 (18.4%) of 8,269 controls died (p=0.31). The pooled RRs were 0.89 (95% CI: 0.72-1.10; p=0.27) from 13 studies using ≤100 mg (I 2 =64%); 0.89 (95% CI: 0.61-1.30; p=0.55) from four studies using 101-325 mg (I 2 =83%); and 0.96 (95% CI: 0.85-1.08; p= 0.50) from eight studies using >325 mg (I 2 =0%). Aspirin use was associated with a significantly lower risk of mortality (RR: 0.82; 95% CI: 0.69-0.98; p=0.03) in 13 secondary prevention studies (I 2 =27%), whereas aspirin use in seven primary prevention studies (I 2 =0%) was not (RR: 1.01; 95% CI 0.85-1.19; p=0.94). A substantial amount of heterogeneity was observed amongst studies in all outcomes. Although inclusion of cohort studies was a major source of heterogeneity, stratification by study design did not reveal a significant dose-response relationship. CONCLUSIONS/INTERPRETATION: This summary of available data does not support an aspirin dose-response effect for prevention of cardiovascular events in diabetic patients. However, the systematic review identified an important gap in randomized controlled trial evidence for using 101-325 mg aspirin daily in diabetes.
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These recommendations are based on evidence that antiplatelet therapy significantly reduces the risk of cardiovascular events without an excessive risk of adverse effects. [4] [5] [6] [7] [8] [9] Historically, the majority of this evidence was generated from studies enrolling patients without diabetes, but since diabetes was considered a "coronary risk equivalent" 10 these conclusions were extended to diabetic patients. Recently, 2 clinical trials examined the use of ≤100 mg aspirin daily for primary prevention of cardiovascular events in diabetic patients. 11, 12 Along with a diabetic subgroup analysis of the Primary Prevention Program, these studies concluded that ≤100 mg aspirin daily does not significantly lower the risk of death or a primary cardiovascular event. 8, 11, 12 Moreover, data from observational studies suggest primary prevention with low dose aspirin may be associated with more harm than benefit. 13, 14 In light of such studies, the role of aspirin for preventing cardiovascular events in diabetes is being questioned. 15, 16 Indeed, six meta-analyses published since 2009
have not found any significant benefit for aspirin in primary prevention of cardiovascular events in diabetes. [16] [17] [18] [19] [20] [21] One possible explanation for the apparent lack of benefit is aspirin resistance. 22 Diabetes is associated with numerous biochemical abnormalities, including elevated platelet reactivity. 23, 24 Indeed, diabetic patients have a lower response to aspirin compared to the general population. [25] [26] [27] Although the exact mechanisms are not clear, a subgroup analysis of the Aspirin-Induced Platelet Effect (ASPECT) study demonstrated that diabetic patients exhibited a significantly lower rate of resistance when given >100 mg daily compared with a lower (and more commonly used) dose of 81 mg daily. 28, 29 Moreover, Electronic supplementary material The online version of this article (doi:10.1007/s11606-011-1757-y) contains supplementary material, which is available to authorized users.
the Antithrombotic Trialists' (ATT) Collaboration reported that <75 mg aspirin daily was not associated with a significantly lower risk of vascular events, while 75-1500 mg aspirin daily was. 5 However, this dose-response relationship was examined in a group of high risk patients regardless of diabetes status. The potential dose-response relationship for antiplatelet activity could have important implications for diabetes management if it is more than just a surrogate measure, especially since most diabetic patients using aspirin to prevent cardiovascular events take ≤100 mg daily. 29 However, this theoretical relationship, generated from pharmacologic evidence, has not been adequately tested. To our knowledge, the Early Treatment for Diabetic Retinopathy Study (ETDRS) is the only randomized controlled trial that evaluated >100 mg aspirin daily in diabetic patients exclusively. 9 This meta-analysis extends the observations of previous meta-analyses by specifically examining the effect of aspirin dose on both primary and secondary prevention of cardiovascular events in diabetic patients alone. We hypothesized that effectiveness to prevent cardiovascular events would vary according to daily aspirin dose.
METHODS

Data Sources and Searches
Randomized controlled trials, post hoc analyses of randomized controlled trial data, and cohort studies, published in any language, were eligible for inclusion if they evaluated the association between aspirin and cardiovascular outcomes. Medline (1950-), Embase (1980-), Cochrane Library (Issue 2, 2010), Web of Science: Science Citation Index (1900-), International Pharmaceutical Abstracts (1970-), and Scopus (1960-) were searched until February 7, 2010. Databaseappropriate terms for aspirin, diabetes, and comparative study were combined to identify articles. The Medline search strategy is provided in APPENDIX 1 (available online). We also handsearched reference lists of all potentially relevant studies and review articles addressing at least two of the following topics: diabetes management, aspirin use, and cardiovascular risk reduction.
Study Selection
Two investigators independently screened the English title and abstract of all citations gathered in the literature search to identify potentially relevant studies. The peer-reviewed article for each potentially relevant study was retrieved and examined independently by two investigators to determine if it met prespecified inclusion criteria. A study was included if it: compared aspirin to placebo or a treatment arm using neither antiplatelet nor anticoagulant therapy; reported all-cause mortality, cardiovascular-related mortality, myocardial infarction, or stroke as a pre-specified outcome; specified the aspirin dose each patient used; and reported the proportion of diabetic patients included in the study. Companion studies, such as epidemiologic follow-up studies of randomized controlled trial participants, were excluded. Discrepancies regarding study inclusion were resolved by discussion.
Assessment of Methodological Quality
One investigator evaluated methodological quality of included studies using a 27-item checklist to examine reporting quality, external validity, internal validity, and power. 30 A second investigator verified accuracy of the assessment.
Data Extraction
One investigator used a standardized form to collect information on diabetic patients from each included study. A second investigator verified completeness and accuracy. Variables collected included the study design, number of diabetic patients enrolled, diabetes type (type 1 or type 2), daily aspirin dose, therapy used in the control group, history of cardiovascular disease at study enrolment (to determine if the study examined primary or secondary prevention), duration of aspirin therapy, duration of study follow-up, and number of cardiovascular events (all-cause mortality, cardiovascular-related mortality, myocardial infarction, or stroke) in each group. Data were obtained from the original article and through contact with study authors. A study was excluded at this stage if we were unable to obtain information on any cardiovascular events for diabetic patients according to our dose strata (described below).
Data Synthesis
Data were analyzed using Review Manager (RevMan 5, Cochrane, Denmark). Pooled risk ratios (RR) and 95% confidence intervals (95% CI) were calculated using a random effects model. 31 Studies were grouped according to daily aspirin dose (≤100 mg; 101-325 mg; >325 mg) to examine the effect of dose on the association between aspirin and cardiovascular outcomes. The potential benefit of higher aspirin doses preventing a cardiovascular event may be offset by an increased risk of bleeding. 32, 33 Therefore, all-cause mortality was chosen as the primary outcome because it provides a balanced assessment of overall safety and effectiveness for any treatment option. 34 Given the likelihood of combining data from studies published in different decades and conducted in different countries, we also believed allcause mortality would provide a homogeneous outcome measure. Although cardiovascular disease is the leading cause of death in diabetes, 35, 36 we felt the attribution of cause of death may vary over time and across countries. Nevertheless, cardiovascular-related mortality, myocardial infarction, and stroke were examined as secondary outcomes. Heterogeneity amongst studies was examined using the I 2 statistic. Although all included studies examined a similar question (effect of aspirin for prevention of cardiovascular events), two sources of heterogeneity were identified a priori and examined. First, we stratified the analyses according to primary (no cardiovascular disease prior to study enrolment) and secondary (documented cardiovascular disease at study enrolment) prevention. Second, we constructed separate analyses for randomized controlled trials and cohort studies.
RESULTS
Overview of Studies
We identified 5,311 unique citations and 198 were considered potentially relevant (Fig. 1) . Following independent review of the full articles, there was disagreement on the allocation of 17 (9%). After discussion, we determined that 47 studies met all inclusion criteria. However, we could not obtain any cardiovascular event data for diabetic patients from 26 studies. Data on diabetic patients were not available from 11 studies (n= 2,571) and we did not receive a response from the authors of 15 studies (n=2,603) after two emails to both corresponding and lead authors and a registered letter sent to the corresponding author (citations available on request). Despite these subsequent exclusions, a funnel plot based on the primary outcome appeared to be symmetrical, suggesting there was minimal risk of publication bias.
Our meta-analysis is based on 17 randomized controlled trials [6] [7] [8] [9] 11, 12, [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] and four cohort studies [48] [49] [50] [51] that enrolled 17,522 diabetic patients ( Table 1 ). The median methodological quality score was 22 (range 11 to 25), with the cohort studies having lower quality scores (median 12; range 11 to 14) compared to randomized controlled trials (median 22; range 15 to 25). Observation periods ranged from 1 to 11.6 years (median 3.8 years). Information for diabetic patients was obtained from a textbook for one study, 7, 52 an American Diabetes Association position statement for two studies, 6, 16, 44 and through correspondence with authors of 15 studies. 11, [37] [38] [39] [40] [41] [42] [43] [45] [46] [47] [48] [49] [50] [51] For each included study, we collected information on the number of diabetic patients in each treatment group and the number of cardiovascular events within each treatment group. Details of how each study identified the cardiovascular events of interest are provided in APPENDIX 2 (available online). Diabetic patients comprised the entire study group for four studies, 9, 11, 12, 51 while the proportion of diabetic patients ranged from 2% to 76% (median 8.8%) in the remaining 17 ( Table 2 ). Two studies specified that all diabetic patients had type 2 diabetes. 11, 51 Two studies reported enrolling patients with type 1 or type 2 diabetes; 9,12 however, only one of these provided cardiovascular event data according to diabetes type. 9 This limited amount of information precluded any further analyses based on diabetes type. Seven studies examined the effect of aspirin in primary prevention 6, 8, 11, 12, 38, 42, 44 and seven studies examined the effect of aspirin in secondary prevention. 37, 39, 43, [45] [46] [47] 50 In the remaining seven studies, 3% to 60% of diabetic patients had a history of myocardial infarction, stroke, or coronary heart disease at study enrolment. 7, 9, 40, 41, 48, 49, 51 While the authors of one study provided information according to primary or secondary prevention, 51 we assumed the remaining six studies reported a mix of primary and secondary cardiovascular events. 7, 9, 40, 41, 48, 49 Three cohort studies and one randomized controlled trial examined the effect of two or more aspirin doses relative to a control group on cardiovascular events. 43, [49] [50] [51] To avoid double-counting events in the control group, and therefore minimize a unit of analysis error, we divided the number of patients and events in the control group by the number of aspirin dose groups and entered each pair-wise comparison separately. 53 Stratification according to daily aspirin dose produced 14 studies (n =9,991) using ≤100 mg daily, five studies (n =2,611) using 101-325 mg daily, and nine studies (n=4,920) using >325 mg daily relative to a control group using placebo or no antiplatelet or anticoagulant therapy (Table 2) .
Main Analyses
The primary outcome analysis was based on 1,172 (15.4%) deaths in 7,592 aspirin users and 1,520 (18.4%) deaths in 8,269 controls (APPENDIX 3A, available online). The pooled RR from these 25 studies (I 2 =57%), was 0.93 (95% CI: 0.81-1.07; p= 0.31). Stratification according to daily aspirin dose revealed small, non-significant differences in the pooled RRs (Table 3) . Although the pooled RR for each dose group suggested a lower risk of mortality with aspirin use, there was substantial heterogeneity amongst studies and none of the associations were statistically significant. Cardiovascular mortality was reported in 447 (7.7%) of 5,798 aspirin users and 599 (9.3%) of 6,456 controls (APPENDIX 3B, available online). The pooled RR, based on data from 16 studies (I 2 =54%), was 0.98 (95% CI: 0.76-1.25; p=0.86). Stratification by daily aspirin dose did not reveal a significant dose-response relationship (Table 3) . A myocardial infarction occurred in 547 (8.3%) of 6,605 aspirin users and 720 (10.0%) of 7,210 controls (APPENDIX 3C, available online). The pooled RR, based on data from 18 studies (I 2 =71%), was 0.84 (95% CI: 0.65-1.09; p=0.20). When stratified by daily aspirin dose (Table 3) , there was substantial heterogeneity amongst 10 studies using ≤100 mg (I 2 =68%) and 3 studies using 101-325 mg (I 2 =88%). However, there was no significant heterogeneity amongst the 5 studies using >325 mg daily (I 2 =0%) and there was a significantly lower risk of myocardial infarction (RR: 0.85; 95% CI: 0.73-0.99; p=0.04) associated with aspirin use. A stroke occurred in 344 (5.0%) of 6,902 aspirin users and 418 (5.6%) of 7,420 controls (APPENDIX 3D, available online). The pooled RR, based on data from 21 studies (I 2 =20%) was 0.98 (95% CI: 0.82-1.16; p=0.80). When stratified according to daily aspirin dose (Table 3) , there was no significant heterogeneity (I 2 =0%) in all three dose groups. Use of ≤100 mg daily was associated with a significantly lower risk of stroke (RR: 0.81; 95% CI: 0.68-0.97; p=0.02).
Stratified Analyses
With the substantial amount of heterogeneity observed amongst studies, we had sufficient information to examine two potential sources in detail (Table 3 ). The first approach was to stratify studies according to prevention strategy. When data from seven primary prevention studies were combined (I 2 =0%), The second approach was to stratify according to study design, which identified that a major source of heterogeneity was inclusion of cohort studies. When data from randomized controlled trials alone were examined ( • Not a randomized controlled trial or cohort study (37)
• Treatment arms not relevant (20)
• Pre-specified outcomes not relevant (9)
• Aspirin dose for each patient not specified (7)
• Proportion of diabetic patients not reported (16) trials-the Physicians' Health Study (PHS) and the United Kingdom Transient Ischaemic Attack (UK-TIA) aspirin trialexamining 101-325 mg aspirin daily in 578 diabetic patients. 6, 43 Moreover, the UK-TIA is the only randomized controlled trial to report all-cause mortality rates in 29 diabetic patients using 101-325 mg aspirin daily. 43 In contrast, stroke rates were reported in all 17 randomized controlled trials. Although there was no significant difference in stroke risk when these data were combined (RR: 0.90; 95% CI: 0.76-1.07; p=0.23; I 2 =9%), there was a significantly lower risk (RR: 0.76; 95% CI: 0.63-0.92; p< 0.01) associated with ≤100 mg aspirin daily when data from 10 randomized controlled trials using were combined (I 2 =0%).
Other potential sources of heterogeneity include duration of follow-up, methodological quality, proportion of diabetics in the study sample, age, gender, diabetes type, prevalence of comorbidities, and management of other cardiovascular risk factors. With the limited amount of available data, we conducted post hoc analyses stratifying studies based on duration of follow-up, methodological quality, and proportion of diabetics in the study sample. These were consistent with the pre-specified subgroup analyses (data available on request).
DISCUSSION
This meta-analysis examined the effect of dose on the association between aspirin and cardiovascular outcomes using data from 21 studies with 17,522 diabetic patients. Overall, we found that aspirin use was not associated with a statistically significant difference in mortality risk and stratification by daily aspirin dose revealed only small differences in the pooled risk ratios. We did observe two significant associations within different dose strata for other cardiovascular outcomes. First, daily doses >325 mg were associated with a 15% (95% CI: 1% to 27%; p=0.04) lower risk of myocardial infarction. Second, daily doses ≤100 mg were associated with a 19% (95% CI: 3% to 32%; p=0.02) lower risk of stroke. However, in both analyses, there was a substantial amount of heterogeneity amongst studies and there was no apparent dose-response relationship.
When examining sources of heterogeneity, we observed an 18% (95% CI: 2% to 31%; p=0.03) lower risk of all-cause mortality in the 13 studies enrolling diabetic patients with a history of cardiovascular disease. Although the lower mortality risk seemed to be associated with ≤325 mg aspirin daily, there was still a substantial amount of heterogeneity amongst studies. Stratification by study design identified that inclusion of cohort studies was a major source of heterogeneity. Restriction to randomized controlled trials also identified that only 578 diabetic patients have been included in studies using 101-325 mg aspirin daily.
Although the totality of available evidence neither confirms nor refutes our dose-response hypothesis for aspirin and prevention of cardiovascular events in diabetes, this metaanalysis contributes novel information. Our literature search and contact with original study authors provides the most comprehensive collection of data examining the effect of aspirin for primary and secondary prevention of cardiovascular events in 
Previous Literature
Our results are consistent with observations from previous meta-analyses assessing aspirin use for primary prevention of cardiovascular events in people with diabetes 16, 17, [19] [20] [21] and other high-risk patient populations. 18 These metaanalyses used various combinations of data from nine randomized controlled trials to examine the effect of 50-650 mg daily aspirin on primary prevention of cardiovascular events. [6] [7] [8] [9] 11, 12, 38, 44, 52, 54 Despite differences in study inclusion, all six meta-analyses reported similar pooled risk ratios for cardiovascular outcomes (Table 4) . [16] [17] [18] [19] We excluded the ETDRS and Hypertension Optimal Treatment (HOT) studies from our stratified analyses examining aspirin use in primary ; Article=data obtained from original article; ADA Statement=data obtained from the American Diabetes Association position statement on aspirin use for primary prevention in diabetes 16 ) †Number of diabetic patients and proportion of entire study sample ‡Presence of cardiovascular disease at baseline for entire study sample §All patients had peripheral arterial disease at baseline ║All patients had unstable angina MI=Myocardial Infarction; TIA=Transient Ischemic Attack; CHD=Coronary Heart Disease; NR=Not Reported prevention because 8% and 11% of patients reported a history of cardiovascular disease at enrolment, respectively. 7, 9 Therefore, we could not be certain if these studies were reporting primary or secondary cardiovascular events. We also included data from the Aspirin for Asymptomatic Athersclerosis (AAA) Trial, which was published after the search strategies were completed in other meta-analyses. 42 Even with a different mix of studies, however, we observed similar associations for allcause mortality, cardiovascular-related mortality, and stroke (Table 4) . Our meta-analysis also extends the current understanding of aspirin use in people with diabetes garnered from previous ATT Collaboration meta-analyses. 4, 5, 18 The 1994 meta-analysis examined the effects of antiplatelet therapy in diabetic patients by pooling data from 27 studies (n =4,502) with patient-level information and found a 17% (95% CI: 6% to 27%) lower risk of vascular events compared to no therapy. 4 The 2002 meta-analysis pooled data for 4,961 diabetic patients from nine studies and found that antiplatelet therapy was associated with a non-significant 7% (p=0.35) lower risk of a vascular event. 5 It is important to note, however, that both meta-analyses included regimens with aspirin, dipyridamole, picotamide, sulfinpyrazone, and ticlopidine in their definition of antiplatelet therapy. 4, 5 The 2002 meta-analysis also examined the effect of aspirin dose on risk of vascular events by combining data for 59,395 high risk patients from 65 studies. 5 The risk of a vascular event was 19%
(SD 3%) lower for patients taking 500-1500 mg daily, 26% (SD 3%) lower for patients taking 160-325 mg daily, and 32% (SD 6%) lower for patients taking 75-150 mg daily when compared to no therapy. The lowest dose group, <75 mg daily, was not associated with a significantly lower risk of vascular events compared to no therapy. It is important to note, however, that the effect of different aspirin doses was examined in all high risk patients, regardless of diabetes status. In our meta-analysis, we focused on aspirin monotherapy and used data from similar as well as more recent studies to explore the effect of dose on the association between aspirin use cardiovascular outcomes in diabetic patients alone. *Reported as "Serious Vascular Events" †Reported as "Ischemic Stroke" ‡Combined "Major Coronary Event (coronary heart disease death+nonfatal myocardial infarction+sudden death)" reported in three studies with "Coronary heart disease death+nonfatal myocardial infarction" reported in one study and "Fatal+non-fatal myocardial infarction" reported in five studies n=Number of studies contributing data; ATT=Antithrombotic Trialists'; NR=Not Reported; RR=Pooled Risk Ratio; 95% CI=95% Confidence Interval
Limitations
The major limitation of our meta-analysis, shared by others, is the paucity of available data on aspirin use in diabetes. 17, 19 Of particular relevance to our meta-analysis, we found only one study that randomly allocated patients to different aspirin doses. 43 To maximize inclusion of potentially relevant articles, our pre-specified search strategy used six well-recognized, comprehensive electronic databases and database-appropriate terms designed to capture a wide range of comparative studies evaluating aspirin use in diabetes. Although we identified 47 studies meeting our inclusion criteria and successfully contacted authors of many of these studies, cardiovascular event data were available for 17,522 diabetic patients in 21 studies. This represents 77% of an estimated 22,697 diabetic patients enrolled in 47 studies meeting the inclusion criteria for our meta-analysis. The limited amount of data, especially from studies examining >100 mg daily, restricted our ability to contrast the effect of aspirin across different daily dosage groups and between primary and secondary prevention of cardiovascular disease. A second limitation was the variation in study design and patient characteristics across included studies. These variations likely contributed to the heterogeneity observed in many of our analyses. We assumed a priori that study design, prevention strategy, and diabetes type would be potential sources of heterogeneity to investigate. Ideally, an individual-level metaanalysis would help minimize confounding from study design and patient characteristics. 55 However, we were unable to conduct this type of analysis with the limited amount of available data and therefore our results must be interpreted with caution. A third limitation is the short duration of follow-up in many of the studies included in this meta-analysis. With 8 of 21 studies following diabetic patients for ≤2 years, there may not have been enough events to reliably test our doseresponse hypothesis. 37, 40, 41, [45] [46] [47] 49, 50 Last, our meta-analysis only examined the effectiveness of aspirin dose to prevent cardiovascular events. Although an examination of the risk of adverse events such as hemorrhagic stroke or gastrointestinal bleeding was beyond the scope of our study, this has been examined by others. 32, 33 Pooling the rates of bleeding events reported in 31 33 and 50 32 randomized controlled trials showed that the rate of major bleeding events was similar for <100 mg compared to 100-325 mg aspirin daily; however, the rate of any bleeding events was significantly lower for <100 mg compared to 100-325 mg aspirin daily.
CONCLUSIONS
Results of this meta-analysis neither confirm nor refute our hypothesis that the effect of aspirin to prevent cardiovascular events in diabetes varies according to daily dose. This hypothesis, generated from pharmacologic evidence of a dose-response relationship between aspirin and antiplatelet activity in diabetic patients, 28 
